Background: An increasing women-to-men ratio in later birth cohorts of patients with multiple sclerosis (MS) has been observed in several populations and has been hypothesised to be due to one or several environmental factors of importance for disease aetiology. However, in a study based on data from the Swedish MS registry (SMSreg) this ratio was recently reported to be rather stable during the 20 th century. Objective: The purpose of this study was to reinvestigate the women-to-men ratio in Sweden based on data from all available data sources, including deceased patients. Method: We combined data from the SMSreg with data from national patient registers. Results: In total we obtained information on 19,510 MS patients born 1931-1985, 13,321 women and 6189 men. The women-to-men ratio increased from 1.70 for patients born in the 1930s to 2.67 for patients born in the 1980s. When comparing the coverage of SMSreg to the full data set, a significantly higher proportion of women born 1931-1935 compared to men born in the same period were found in SMSreg, resulting in a sampling bias hiding the increasing sex ratio in the full material.
Introduction
A recent review of prevalence and incidence studies in multiple sclerosis (MS) emphasised a pattern of increased women to men (w/m) ratio in later birth cohorts over time in the 20 th century. 1 Other studies analysing sex ratio by year of birth, have also reported an increased w/m ratio. [2] [3] [4] However, an increase in the w/m ratio for MS is not present in all geographic areas, for example in countries from areas between latitude 12°S and 55°S, the sex ratios were stable over time. 4 An increasing female preponderance of patients with MS has been taken as an indication for a change over time of exposure in the populations to certain environmental factors. In this context, it has been surprising that such an increase has not been evident in data from the Swedish national MS patient registry (SMSreg), 5, 6 an up to date clinical registry carrying data on over three-quarters of Swedish MS patients. 7 This difference has in turn led to speculations of differential exposures over time to environmental triggers in different countries, as genetic factors are less likely to drift significantly over only a few generations.
This study aimed at, by increasing the previously investigated material in Sweden, assessing a possible change over time in the sex ratio of MS in Sweden. A national registry of discharge and specialist care diagnoses, known to have a mainly overlapping but somewhat higher degree of coverage of the population over time, 7 was used to extend the material.
Materials and method
We used the Swedish Total Population Registry the Cause of Death Registry and the National Patient Register (PAR) as well as SMSreg to identify MS patients.
The Total Population Registry contains close to 15 million people with a Swedish personal identity number (PIN). The PIN is a unique identifier that was introduced in 1961 to everyone born in 1932 or later and/or residing in Sweden for a longer period of time. The Total Population Registry contains information on date of birth, sex and county and country of birth. By linking this to the Cause of Death Registry, we were able to identify deceased individuals. The PAR was started in 1968 and contains records of all inpatient visits to hospitals and, since 2001, also outpatient visits in specialist care units.
The SMSreg was introduced in 1997 and contains information on close to 14,600 MS patients, of which 13,500 are presently alive. It is widely used in neurology clinics all over the country by neurologists when counselling patients (http://www.smsreg.net 2013-11-01). An individual was classified as an MS patient if they were either in SMSreg or in PAR with an International Classification of Diseases (ICD) code for MS according to ICD-10 (G35), ICD-9 (340) or ICD-8 (340). Characteristics for the full patient cohort are further described in Westerlind et al. 8 MS patients identified through the registries and born in Sweden according to the Total Population Registry were selected and divided by birth-year into five-year cohorts. These were compared to figures for the total birth cohorts in Sweden and prevalence proportions and sex ratios of MS diagnosis were calculated. Confidence intervals (CIs) were estimated using the Poisson distribution. 9 The slope of the line was investigated by fitting a linear regression in R 10 with the sex ratio as the outcome and the mean year of birth in the cohort and the mean age at first occurrence in PAR for that cohort as covariates.
Comparisons between the number of patients from the previously published study based on SMSreg only 5 and the patients identified in this study were performed using a chi square test to investigate significant differences in coverage of detection of the sexes. The Bonferroni correction was applied to correct for multiple testing using a Bonferroni factor of 11.
Analyses of the sex ratios were also performed in subparts of the datasets as a sensitivity analysis. These were divided into: MS as primary diagnosis, MS as secondary diagnosis, MS diagnosis obtained in the primary care, MS diagnosis obtained as outpatient, and MS diagnosis obtained during or after 1989, which is the year from which PAR is considered to have full coverage. 7 Differences in age at death between the sexes were evaluated with a Kaplan-Meier analysis using the PROC survival statement in SAS software version 9.3. Mortality ratios for the different birth cohorts were also calculated.
Results
In total, 28,027 MS patients were identified through PAR and the SMSreg. Of these 25,566 were born in Sweden and 19,510 were born within 1931-1985. There were 13,321 women and 6189 men, making the mean sex ratio 2.15. The sex ratios increased from 1.70 for patients born in the 1930s, to 2.67 for patients born in the 1980s (Table 1 ). For patients born in 1971-1975 there was a slight decrease in the sex ratio compared to earlier years. A total of 18,546 (95.1%) of the patients were in PAR, and these were used to calculate the mean age at first hospitalisation, which decreased with all birth cohorts for both women and men, but did not differ between the sexes ( Table 1) . The subset of patients that were both in SMSreg and PAR (n=10,376) were used to calculate the mean years between estimated age at onset and first occurrence in PAR (Table  1 ) and no differences between the sexes were found, although the time decreased for all birth cohorts.
To assess a measure of statistical significance for the increase of the w/m ratio with time we obtained a beta estimate for the different birth cohorts. The model also included as a covariate the birth cohorts mean age at first occurrence in PAR for the 95% of the patients that had at least one occurrence in PAR, to control for this difference throughout the century. The beta for the birth cohorts indicated an increase of the ratio with 0.11 units per cohort (p-value = 0.004). The decrease for mean age at onset estimate from PAR was also significant with a p-value = 0.01. For comparison against previously published results from Sweden, Canada, and Norway, see Figure 1 .
All analyses in the subgroups followed this pattern with a starting point between 1.64-2.02 and steadily increasing ratio (data not shown). For the patients that at any time had received MS as a secondary diagnosis, there was an increase in the w/m ratio for the patients born between 1971-1975 of 4.25. The number of individuals in this groups was, however, small (245 women, 61 men).
The coverage of SMSreg in the previously published paper 5 differed significantly between men and women for patients born in 1931-1935, with 18.0 % of the women identified compared to 10.8 % of the men (corrected p-value = 0.024).
The mean age at death for men and women born in the 1930s did not differ, however there was a difference in mortality rate between the sexes, and 69.42% of the men had died before the time of the study, compared to 54.38% of the women ( Table 2 ). The Kaplan-Meier analysis confirmed this difference to be significant (p-value<0.0001).
Discussion
We extend the report of an increased female preponderance among patients with MS in recent years to Sweden, confirming a global trend.
In a previous study based on the SMSreg, no differences in sex ratios were detected. We here added information from PAR, an in-and outpatient registry covering all inpatient visits in Sweden since 1968 and outpatient visits since 2001, to calculate the sex ratios.
It appears that the MS population coverage in the SMSreg relative to that of PAR changed over time and differed between sexes. Thus, for patients born in the 1930s only 18.1% of women and 10.9% of men represented in PAR were included in SMSreg (corrected p-value = 0.025). In Table 2 . Numbers and percent of deceased women and men, the mean age at death and the women-to-men ratios of the percent deceased for patients with multiple sclerosis in Sweden. later birth cohorts, SMSreg coverage gradually increased and sex differences levelled out. Therefore, an existing change in sex ratio was effectively balanced out in SMSreg by a differential inclusion between men and women. This could be explained by the difference in mortality: a larger proportion of men born in the 1930s, compared to women, had died when the SMSreg came into use. The increasing sex ratios presented here are similar to the previously published results from other countries 1,2,4 and the decrease in the ratio for people born in the beginning of the 1970s, was also found in the Canadian study. 2 In the 1971-1975-cohort, as well as the two younger births cohorts, the confidence intervals became larger and slightly overlapping. A previous analysis of the age at onset distribution of patients with MS in Sweden 8 showed that at age 39 approximately 73% of the patients had reached onset. We thus believe the number of individuals in the three youngest birth cohorts will increase and get correspondingly narrower confidence intervals. Despite the uncertainty in the w/m ratios in the youngest birth cohorts, the slope of the line was significant with a mean increase of 0.11 units per birth cohort.
The mean age at first entry in PAR did not differ between the sexes, indicating no structural differences in the MS treatment for men compared to women. The age at first entry did however decrease for all birth cohorts, from over 50 years to slightly above 20. This is however confounded, both by the fact that PAR was not introduced until 1968, when the oldest patients were already around 40 years, and the youngest birth cohorts still being at high risk for developing MS 8 and thereby likely to increase in numbers in the future.
The increasing sex ratio was not found in a study from Norway. 3 However, the number of patients born in the 1930s in the Norwegian study was small compared to the number of patients identified in the other birth cohorts. The data collection in Norway was based mainly on the Norwegian MS registry, but also includes patients from a prevalence study conducted in 2000. Based on the analysis and results in our study, we thus think it cannot be excluded that a similar sampling bias as found in our study could be present in the Norwegian study.
Our study highlights a patient participation bias in a clinical registry. In this case a bias toward higher participation for women among older patients, caused by a higher mortality rate in men, masked the lower sex ratio and resulted in a Type II error in the previous report.
To further investigate suggested explanations for the increased sex ratio, a post-hoc analysis was performed by looking at the age at first child birth, a topic that has been researched in Denmark. 11, 12 We calculated the age when the first child was born for the female MS patients and compared this to the general population. An increase in age was seen between the birth cohorts, but there was no difference between MS patients and controls. The mean age for the first child was almost exactly the same for both groups, and also the percentage of women that had given birth at least once (data not shown). Thus according to this data, it seems not to be a likely explanation for the increasing sex ratio in the Swedish population. A similar result, with no significant association to parents age at first childbirth has also been found in a Danish study. 12 The global change in sex ratio of MS has interesting implications. It indicates the influence of one or several yet unknown environmental factors acting on the population. Identification of this factor could cast light on triggering events in MS pathogenesis. The increased prevalence reported in almost all areas where epidemiological surveys have been repeated, is thus less likely to not be merely the effect of an improved case ascertainment. One candidate factor could be smoking, as Palacios et al. have described, the gender ratio of MS is correlated with the gender ratio of smoking. 13 However, the trend in the gender ratio of smoking is driven by a decline in smoking among men, rather than by an increase in women, as observed for MS incidence. Subsequently, Palacios suggested that some factor, other than smoking, must account for the increase in MS incidence in women. However, when looking at Swedish national data from the Swedish National Institute of Public Health (Folkhälsoinstitutet), 14 it is obvious that both Swedish women and men smoked gradually less in recent decades, a still ongoing trend. For both sexes born in 1920-1939 in Sweden, smoking is rather sparse, but in the later birth cohorts the increase is greater in women than for men, so in people born 1940-1959, substantially more women smoke. This pattern stays consistent, i.e. smoking is more common in women, although there is currently a general decreasing trend of smoking. We cannot rule out that this can have had an impact on the increasing w/m ratio in MS if other factors would lie behind the increasing overall prevalence. Modelling of the potential influence of smoking on different populations and to what extent this could be an explanation for the increasing ratio is thus of interest for future studies.
When assessing patients through PAR there is unfortunately no good way of ascertaining incidence rates, something that would be of great interest, as the first MS diagnosis in PAR in mean was almost 14 years later that the estimated age at onset in SMSreg 8 and thus poorly reflects the time of onset of disease. The lack of incidence rate analysis is thus a weakness of this study. However, the consistency indicated by the sensitivity analyses speaks for the reliability of our results. Another weakness with PAR is that it uses ICD codes without additional registration of disease course. However MS courses as defined today were standardised as late as in 1996 15 and since PAR dates back to 1968, course data is not available. Thus we were unable to assess the sex ratio for relapsing-remitting MS (RRMS) and primary progressive MS (PPMS) respectively. As to date there is no updated study of the proportion of PPMS patients in Sweden. In a study of the sex-ratio in neighbouring Norway, 3 a population with similar genetic background living on approximately the same latitude as Sweden, showed a median sex-ratio around 1.1 with no increase. About 17% of the patients had a PPMS course, and only between the years 1940-1959 were the patient groups big enough to assess the sex-ratio. In a Canadian study from 2010, 16 also a stable sex-ratio, although slightly higher than in Norway, was found. The proportion of PPMS patients in this study was about 19%. As we have no data on disease course, we cannot confirm these studies, but we believe that the low proportion of PPMS patients is unlikely to be driving the increase of females with MS in Sweden, and that the increase is driven by the RRMS patients in Sweden as well.
Conclusion
The women-to-men ratio in MS has increased also in Sweden in persons born in later decades during the 20 th century in a way similar to that reported from other western countries.
